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Introduction
After the 2008 financial crisis, the global economy was faced with a substantial economic slowdown. Many countries responded by pursuing expansionary fiscal policies, in some cases financed by austerity measures due to burgeoning debt and lack of credit market access. In this context, it is fundamental to have a measure of the impact of fiscal shocks on macroeconomic aggregates, and the effectiveness of fiscal policy has been brought back into focus for both practitioners and researchers. The literature on fiscal multipliers has, however, brought forth the notion that there is no such thing as a fiscal multiplier. These depend on country characteristics, the state of the economy and the type of fiscal instrument, see for instance Ilzetzki, Mendoza, and Vegh (2013) .
Along with the renewed interest in fiscal policy, growing wealth inequality has re-entered the public discourse, with particular interest raised by the projections in the book by Piketty (2014) , "Capital in the 21st Century". Over the past decades many countries have experienced a rapid increase in wealth inequality. There is, however, significant variation across countries. Growing wealth inequality may have implications for economic policy 1 .
In this paper we ask the question of whether differences in the distribution of wealth across countries lead to differences in their respective aggregate response to fiscal instruments?
We begin by documenting an empirical relationship between the size of fiscal multipliers and wealth inequality by estimating SVARs, using the data and methodology in Ilzetzki, Mendoza, and Vegh (2013) and adding metrics of wealth inequality. Our estimates show that countries with relatively high inequality experience significantly larger responses to fiscal shocks.
In order to explain this relation we develop a life-cycle, overlapping generations economy with uninsurable labor market risk. We calibrate the model to match data from a number of OECD countries along dimensions such as the distribution of income and wealth, taxes, 1 In the words of Krueger, Perri, Pistaferri, and Violante (2010) : "Modern macroeconomics has evolved from the study of economic aggregates such as GDP, consumption and wealth to the study of the distribution of these variables across agents in an economy" 1 social security and debt level. We then study the contributions from each of these country characteristics to creating a correlation between fiscal multipliers and wealth inequality.
We find that the size of fiscal multipliers is highly sensitive to the fraction of liquidity constrained individuals in the economy and also depends negatively on the average wealth level in the economy. Agents who are liquidity constrained have a higher marginal propensity to consume and respond more strongly to fiscal shocks. The marginal propensity to consume is also higher for relatively wealth poor agents who have a precautionary savings motive.
Finally, relatively wealth-poor economies have a higher interest rate and the net present value of an otherwise equally large fiscal shock today is larger when the interest rate is higher. We should therefore expect fiscal multipliers to be high in countries with high inequality, low savings rate and/or high debt.
In a multi-country exercise, where we calibrate 15 OECD countries to country specific data, we get that the raw correlations between the fiscal multipliers generated by our model and the country Gini and country capital to output ratio, K/Y , are 0.62 and -0.68 respectively. The regression coefficients when the fiscal multiplier is regressed on the Gini or on K/Y are highly statistically significant. We find that an increase of one standard deviation in the wealth Gini coefficient for the countries in our sample, raises the multiplier by about 17% of the average multiplier value.
Changing the progressivity of the tax system, a mechanism which has received some attention in the literature, has a limited impact on the fiscal multiplier. One reason is that the reduction in the fraction of borrowing constrained individuals comes together with lower average asset holdings and a higher interest rate. The decrease in the multiplier stemming from a reduction in the number of constrained agents is counteracted by the positive effect in the multiplier of lower average asset holdings and higher interest rate.
Reducing wage inequality, modeled as variation in permanent ability, also has a limited impact on the multiplier. Idiosyncratic wage risk is, on the other hand, found to be of first 2 order importance 2 .
Fiscal multipliers measure the effectiveness of fiscal policy in stimulating economic activity. Empirical evidence suggests that government consumption and tax cuts have a positive impact on output 3 . However, research has progressed towards the notion that there is no such thing as a fiscal multiplier, but rather that the effect of a fiscal shock on output is dependent on country characteristics, the state of the economy and the type of fiscal instrument. For example, Ilzetzki, Mendoza, and Vegh (2013) show that multipliers are: larger in developing countries than developed countries, larger under fixed exchange rates but negligible otherwise and larger in closed economies than in open economies. Auerbach and Gorodnichenko (2011) show that for a large sample of OECD countries the response of output is large in a recession, but insignificant during normal times. Anderson, Inoue, and Rossi (2013) find that in the context of the U.S. economy, individuals respond differently to unanticipated fiscal shocks depending on age, income level and education. The wealthiest agents' behavior is consistent with Ricardian equivalence but poor households show evidence of non-Ricardian behavior. Heathcote (2005) studies the effects of changes in the timing of income taxes and finds that tax cuts have large real effects and that the magnitude of the effect depends crucially on the degree of market incompleteness. McKay and Reis (2013) study the effects of automatic stabilizers on volatility. In line with our findings, they find that simply making taxes progressive has limited effect on volatility. Tax-and-transfer programs aimed at reducing inequality and increasing social insurance can, however, greatly enhance the effectiveness of stabilizers.
Our work is also closely related to Carroll, Slacalek, and Tokuoka (2013) who study the impact of the wealth distribution on the marginal propensity to consume. Carroll, Slacalek, and Tokuoka (2013) measures marginal propensities to consume for a large panel of European countries, calibrating a model for each country using net wealth and liquid wealth. The authors also find the same type of relationship as we document for output multipliers below: the higher the proportion of financially constrained agents in an economy, the higher the consumption multiplier. propose a model with two types of assets that provides a rationale for relatively wealthy agents' choice of being credit constrained. In a context of portfolio optimization with one high-return illiquid asset and one low-return liquid asset, relatively wealthy individuals may end up as credit constrained. Kaplan, Violante, and Weidner (2014) , using micro data from several countries, argue that the percentage of financially constrained agents can be well above what is typically thought due to large shares of agent's wealth being tied up in illiquid assets.
The remainder of the paper is structured as follows. In Section 2 we document an empirical relationship between wealth inequality and fiscal multipliers. In Section 3 we describe our quantitative OLG economy with heterogeneous agents and define a competitive equilibrium. Section 4 describes the calibration of the model to country-specific data. In Section 5 we isolate the effect of different characteristics, by which countries differ, on the size of the fiscal multiplier. Section 6 presents the results from a multi-country analysis of fiscal multipliers. We conclude in Section 7. The appendix discusses data and some properties of our tax function.
Stylized Facts
In this section we document an empirical relationship between wealth inequality and fiscal multipliers in the data. The exercise we perform is similar to the one performed by Ilzetzki, Mendoza, and Vegh (2013) to identify the impact of different factors on fiscal multipliers across countries and time. We use their data, see Section 8.2. Our metric for wealth inequality is the Gini coefficient, which we take from Davies, Sandström, Shorrocks, and Wolff (2007) . First we split the sample into two groups, countries with Gini coefficient above and below the sample mean and run SVARs for the two groups separately. We find that the group of countries with above average Ginis have a significantly higher fiscal multiplier.
Next we repeat the exercise for individual countries and find a statistically significant positive relationship between a country's estimated fiscal multiplier and its Gini coefficient.
To measure the fiscal multiplier, generally defined as output's response to a change in a fiscal instrument, we follow the approach of Ilzetzki, Mendoza, and Vegh (2013) , which in turn adopts the method of Blanchard and Perotti (2002) and model the relationship between the variables as the system of equations in 1:
where Y n,t is a vector of endogenous variables in country n during quarter t: Y n,t = (g n,t , y n,t , CA n,t , dREER n,t ) ′ , where g n,t is government consumption, y n,t output, CA n,t the ratio of the current account to GDP, and dREER n,t the change in the natural logarithm of the real effective exchange rate. C k is a matrix of lag specific own-and cross-effects of variables on their current observations. Equation 1 cannot be estimated directly, so we pre-multiply the system by A − 1 and use a Panel OLS regression with fixed effects to obtain estimates of
.., K and e n,t = A −1 u n,t for both sub-samples.
In order to be able to compute the impact on output, due to an exogenous change in government consumption ∆g n,t , we need to solve the system e n,t = A −1 u n,t to identify the primitive innovations and infer a causal effect. To do so we need further assumptions on A.
The assumption that Blanchard and Perotti (2002) use to make a claim upon the identification of a causal effect of government consumption on output is that government consumption is predetermined at the beginning of the year by the annual budget and cannot react to changes in output within the same quarter. This assumption, together with further assumptions on the ordering of the remaining variables (the current account follows output and the exchange rate variable follows the current account), allows us to recover the primitive shocks to the system and compute impulse responses.
We find that, empirically, countries with high and low inequality have very different responses to shocks to government consumption conditional on the level of wealth inequality, as can be observed in Figure 1 . The group of economies characterized by high wealth inequality have a significant positive response to an increase in government consumption up to almost two years after the shock, while the group of low inequality countries do not exhibit a significant change.
In the next exercise we estimate the same model as in equation 1 but for a single country at a time. We drop the countries for which there were not enough data points to estimate the system of equations from the sample. The Choleski factorization that Ilzetzki, Mendoza, and Vegh (2013) use to identify the causal effect of government consumption on output implies that for government consumption to have its total effect on output in a year (directly and through the other variables in the system), it takes a total of four quarters. We look at the cumulative multipliers for each country after four periods and take that as country estimates of fiscal multipliers. The raw correlation between the estimated fiscal multipliers and the Gini coefficients is 0.412. We then proceed to estimate the following cross-country model, regressing the estimated fiscal multiplier in country n, F M n , on the Gini coefficient in country n, Gini n . In a separate regression, we also control for output per capita, output n :
As can be seen in Table 1 , the regression coefficient on the Gini index is positive and statistically significant 4 . This holds even when controlling for output per capita, which suggests that the degree of industrialization is not the driving factor behind the result. 
These findings motivate our study of the impact of wealth and income inequality on fiscal multipliers in a structural model, to be explored in the following sections.
Model
In this section we describe the model we will use to study the response to fiscal stimulus in different countries. Our model is a relatively standard life-cycle economy with heterogeneous agents and incomplete markets.
Technology
There is a representative firm which operates using a Cobb-Douglas production function:
where K t is the capital input and L t is the labor input measured in terms of efficiency units.
The evolution of capital is described by
where I t is the gross investment, and δ is the capital depreciation rate. Each period, the firm hires labor and capital to maximize its profit:
In a competitive equilibrium, the factor prices will be equal to their marginal products:
Demographics
The economy is populated by J overlapping generations of finitely lived households. All households start life at age 20 and enter retirement at age 65. Let j denote the household's age. Retired households face an age-dependent probability of dying, π(j), and die for certain at age 100. 5 . A model period is 1 year, so there are a total of 40 model periods of active work life. We assume that the size of the population is fixed (there is no population growth).
We normalize the size of each new cohort to 1. Using ω(j) = 1 − π(j) to denote the age-dependent survival probability, by the law of large numbers the mass of retired agents of age j ≥ 65 still alive at any given period is equal to Ω j = q=J−1 q=65 ω(q). In addition to age, households are heterogeneous with respect to asset holdings, idiosyncratic productivity shocks and their subjective discount factor β ∈ {β 1 , β 2 , β 3 }, which takes three different values and is uniformily distributed across agents. Finally, they also differ in terms of ability i.e. a starting level of productivity that is realized at birth. Every period of active work-life they decide how many hours to work, n, how much to consume, c, and how much to save, k. Retired households make no labor supply decisions but receive a social security payment, Ψ t .
There are no annuity markets, so that a fraction of households leave unintended bequests which are redistributed in a lump-sum manner between the households that are currently alive. We use Γ to denote the per-household bequest.
Labor Income
The wage of an individual depends on the wage per efficiency unit of labor, w, and the number of efficiency units the household is endowed with. The latter depends on the household's age, j, permanent ability, a ∼ N (0, σ 2 a ), and idiosyncratic productivity shock or market luck, u. The idiosyncratic shock follows an AR(1) process:
Thus, the wage of an individual i is given by:
γ 1ι , γ 2ι and γ 3ι here capture the age profile of wages.
Preferences
The momentary utility function of a household, U (c, n), depends on consumption and work hours, n ∈ (0, 1], and takes the following form:
The government runs a balanced social security system where it taxes employees and the employer (the representative firm) at rates τ ss andτ ss and pays benefits, Ψ t , to retirees. The government also taxes consumption, labor-and capital income to finance the expenditures on pure public consumption goods, G t , which enter separable in the utility function, interest payments on the national debt, rB t , and lump sum redistribution, g t . We assume that there is some outstanding government debt, and that government debt to output ratio,
does not change over time. Consumption and capital income are taxed at flat rates τ c , and τ k . To model the non-linear labor income tax, we use the functional form proposed in Benabou (2002) and recently used in Heathcote, Storesletten, and Violante (2012) and Holter, Krueger, and Stepanchuk (2014) :
where y denotes pre-tax (labor) income, ya after-tax income, and the parameters θ 0 and θ 1 govern the level and the progressivity of the tax code, respectively. 6 . Heathcote, Storesletten, and Violante (2012) argue that this fits the U.S. data well.
In a steady state, the ratio of government revenues to output will remain constant. G t , g t , Ψ t and must also remain proportional to output. Denoting the government's revenues from labor, capital and consumption taxes by R t and the government's revenues from social 6 A further discussion of the properties of this tax function is provided in the appendix 10 security taxes by R ss t , the government budget constraints takes the following form:
Where we have suppressed the time subscripts, which are not needed in steady state.
Recursive Formulation of the Household Problem
At any given time a household is characterized by (k, β, a, u, j), where k is the household's savings, β ∈ β 1 , β 2 , β 3 , is the time discount factor, a is permanent ability, u is the idiosyncratic productivity shock, and j is the age of the household. We can formulate the household's optimization problem over consumption, c, work hours, n, and future asset holdings,
Y L is the household's labor income after social security taxes and labor income taxes. τ ss andτ ss are the social security contributions paid by the employee and by the employer, respectively.
Stationary Recursive Competitive Equilibrium
Let Φ(k, β, a, u, j) be the measure of households with the corresponding characteristics. We now define such a stationary recursive competitive equilibrium as follows:
Definition:
1. The value function V (k, β, a, u, j) and policy functions, c(k, β, a, u, j), k ′ (k, β, a, u, j), and n(k, β, a, u, j), solve the consumers' optimization problem given the factor prices and initial conditions.
Markets clear:
3. The factor prices satisfy:
The government budget balances:
5. The social security system balances:
dΦ =τ ss + τ ss 1 +τ ss j<65 nwdΦ 6. The assets of the dead are uniformly distributed among the living:
Fiscal Experiment and Transition
The fiscal experiment that we analyze in the next section is a one time increase in (wasteful) government consumption ∆G, to be financed by non-distortionary taxation ∆g. This is the classical experiment which most of the literature on fiscal multipliers relates to. In the context of this experiments a recursive competitive equilibrium is defined as:
Definition: Given the initial capital stock, K 0 , and initial distribution, Φ 0 , and taxes
a competitive equilibrium is a sequence of individual functions for the household, {V t , c t , k
, sequences of production plans for the firm,
, and a sequence of measures {Φ t } t=∞ t=1 , such that for all t:
1. The value function V t (k, β, a, u, j) and policy functions, c t (k, β, a, u, j), k ′ t (k, β, a, u, j), and n t (k, β, a, u, j), solve the consumers' optimization problem given the factor prices and initial conditions.
Markets clear:
6. The assets of the dead are uniformly distributed among the living:
. Aggregate law of motion:
Calibration
We calibrate our benchmark model to match moments of the U.S. economy. The calibration of other countries is conducted in a similar fashion and is described in the Appendix. A number of parameters have direct empirical counterparts and can be calibrated outside of the model. They are listed in Table 2 . Six parameters are calibrated using a simulated method of moments approach. They are listed in Table 4 . Below we describe the calibration of each parameter in more detail. 
where j is the age of individual i. Because we lack panel data from most of our countries we us the PSID to back out the variables governing the idiosyncratic wage shocks and assume that the shocks to wages are the same across countries 7 . We run the wage regression in (16) and obtain the residuals, ε it , which we use to estimate ρ and σ ǫ . Finally, the variance of permanent ability, σ a is among the endogenously calibrated parameters. The corresponding data moment is the variance of ln(w i ).
Preferences
There is considerable debate about the Frisch elasticity of labor supply, η, in the literature.
We set it to 1.0, which is similar to a number of recent studies, see for instance Trabandt and Uhlig (2011) and Guner, Lopez-Daneri, and Ventura (2014) . The parameter χ, governing the disutility of working more hours, and the discount factors β 1 , β 2 , β 3 , are calibrated endogenously. The corresponding data moments are average yearly hours, taken from the OECD economic outlook, and the ratio of capital to output, K/Y , taken from the Penn World Table 8 .0.
Taxes and Social Security
As described in Section 8.1 we apply the labor income tax function in Equation 12, proposed by Benabou (2002) . We use U.S. labor income tax data provided by the OECD to estimate the parameters θ 0 and θ 1 for different family types. To obtain a tax function for the single individual households in our model, we take a weighted average of θ 0 and θ 1 , where the weights are each family type's share of the population 8 . Table 10 in the Appendix summarizes our findings for different countries.
We assume that the social security contributions for the employee, τ SS , and the employer, τ SS are flat taxes, which is close to true. We use the rate from the bracket covering most incomes, 7.65% for both τ SS andτ SS . We follow Trabandt and Uhlig (2011) and set τ k = 36%
and τ c = 5%.
Parameters Calibrated Endogenously
We use the simulated method of moments to calibrate the parameters which do not have any direct empirical counterparts. We choose β 1 , β 2 , β 3 , b, χ and σ a in order to minimize the loss function below:
M m and M d refer to moments in the data and moments in the model respectively. We have six instruments and, in order to have an exactly identified system, we target six moments in the data: the three wealth quartiles, the variance of log wages, average fraction of hours worked and the capital output ratio. Table 4 summarizes the calibrated parameters and Table 3 displays the moments and their value in the data and the model. We fit all the targeted data moments with less than 2% error margin. 
Inspecting the Mechanisms
As discussed above, the finding of an empirical relationship between fiscal multipliers and wealth heterogeneity need not imply causation. Countries with low wealth inequality are also characterized by a number of other features such as higher and more progressive taxes, more generous social security systems and lower returns to labor market experience. These features may all contribute to dampen the fiscal multiplier.
We begin this section by presenting the results of our first fiscal experiment for the US and Finland, two countries that are in the opposite end of our wealth Gini ranking, 0.796 (US) v.s. 0.646 (Finland), but also have very different fiscal policies and institutions.
Indeed we find, as our theory suggests, that the fiscal multiplier is much larger in the US.
The rest of the section is devoted to studying the effects of wealth level, binding borrowing constraints, tax level, tax progressivity and the age profile of wages. The latter three also affect wealth accumulation, so it is not possible to completely isolate the effect of each factor.
Nonetheless, our results point in the direction of the level and distribution of capital being the most promising driver of fiscal multipliers across countries.
Wealthy economies with little inequality will have fewer credit constrained individuals and fewer individuals with strong precautionary savings motive. This lowers the average marginal propensity to consume and reduces the fiscal multiplier. Wealthy economies also have a lower real interest rate (if capital markets are imperfect), which reduces the relative value of a fiscal shock today in the agents' life-time budget constraint, and leads to a lower multiplier. An isolated change to a country's tax policies does not have a large impact on fiscal multipliers.
This suggests that other more fundamental factors affecting the wealth distribution, such as technology or impatience, is driving the size of the fiscal multiplier, through their impact on the fraction of the population which is credit constrained, on precautionary saving, and on the real interest rate.
Example: Fiscal Multipliers in the US v.s. Finland
We calibrate our model to match key characteristics of the U.S. (the benchmark) and Finnish economies, as described in Section 4 and perform the classical fiscal experiment in the literature: an increase in wasteful government consumption ∆G 1 financed by a reduction in government transfers ∆g 1 . As can be seen from Figure 2 , the response of the macroeconomic aggregates is much larger in the case of the model calibrated to the U.S. economy.
In terms of the impact output fiscal multiplier, the difference is 0.119 vs 0.050, an increase of more than 100%. Although our multipliers are somewhat small in absolute size if compared to results from the empirical literature, the relative size difference is large and in line with stylized facts from the real business cycle literature. To increase the absolute size of the multipliers we could consider model extensions such as nominal rigidities. However, we know little about the differences between countries along this dimension and the relative differences in multipliers that we find in our neoclassical framework would still be present in such a context. Of course Finland and the U.S. differ along many dimensions which can make multipliers different. In our model representations of the two economies, they differ along the life cycle profile of wages, the level and progressivity of taxation, average hours worked, the debt-to-GDP ratio and many other aspects. Figure 7 (located in Appendix 8.5) provides a breakdown of the drivers of the difference in the fiscal multiplier between the U.S. and Finland. We change the parameters that differ in the calibration of the two countries one by one. As can be seen from the figure, the main drivers of the difference are the time discount factors which affect wealth accumulation. One may ask whether it is impatience itself, and not wealth, that drives the difference in multipliers. However, we show below that if we only make people wealthier or change other factors affecting savings and the fraction of borrowing constrained individuals, in particular idiosyncratic risk, and keep the discount factors constant, we still see significant changes in the multipliers.
The Impact of Capital
To isolate the impact of wealth and keeping all other parameters constant, we change the starting asset level, k 0 , of agents in our economy (in the benchmark economy all agents start with 0 assets). Table 5 displays the results from this experiment. When agents become wealthier, the fiscal multiplier falls. There are, however, three different channels through which increased wealth may affect the fiscal multiplier. i) The fraction of liquidity constrained individuals, who have the highest marginal propensity to consume, falls. ii) The precautionary savings motive of relatively poor non-constrained individuals falls. iii) The real interest rate falls, reducing the value of a fiscal shock today. Below we try to study each of these effects in isolation. 
The Impact of Liquidity Constraints
We investigate in greater detail the relationship between the percentage of agents constrained in the economy and the size of the government consumption multiplier. During the experiment we keep the K/Y ratio constant.
We start with our benchmark economy, the model calibrated to the U.S., matching the wealth distribution we observe in the data. We then hold the borrowing constraint constant and multiply β 1 and β 2 by a constant ξ. We no longer aim at matching the US wealth distribution but instead make the fraction of the population which is liquidity constrained, λ, a calibration target. We change ξ, β 3 , χ and σ α to maintain our targets on the fraction of hours worked, the capital-output ratio and the variance of log wages in addition to λ. In In the context of our calibrated model, the magnitude of the impact multiplier is very sensitive to the proportion of agents constrained. For instance, the benchmark multiplier is 0.11 when 10% of agents are constrained. When 50% are constrained, the multiplier increases to 0.29.
The Impact of Wealth Level (K/Y) in General and Partial Equilibrium
To study the impact of the average level of wealth, we conduct an experiment where we keep the fraction of liquidity constrained individuals in the economy constant at its benchmark level (13.6%) but alter the K/Y ratio. We do this by multiplying the discount factors by a constant and adjust the borrowing limit. Figure 4 displays the results.
As can be seen from the figure, a higher K/Y ratio is associated with a lower fiscal multiplier -holding the fraction of borrowing constrained agents constant. This holds both in partial equilibrium when we keep the interest rate fixed at 4.9% and in general equilibrium.
The precautionary savings motive is a natural explanation for why wealth matters. The impact of changing K/Y is, however, significantly larger in general equilibrium, indicating that the interest rate itself may play a role. The life-time value of a transfer, g, is larger
when the interest rate is higher. 
The Impact of Wage Heterogeneity
To study the impact of the wage distribution on the impact multiplier we shut down the three different types of wage heterogeneity that we have in the model; age profiles, permanent ability types and idiosyncratic shocks, one by one. When we shut down the different types of heterogeneity, we also adjust γ 0 by a constant to keep average productivity unchanged. Table 6 displays the results from this exercise.
The one type of wage heterogeneity which seems to have a potentially large effect on the multiplier and on the fraction of liquidity constrained individuals is the idiosyncratic productivity shocks 9 . Shutting down the shocks eliminates any precautionary savings motive and many individuals with β(1 + r) < 1 will want a downward sloping consumption profile and borrow until they hit the borrowing limit. In the economy without idiosyncratic shocks 39.6% of agents are liquidity constrained and the impact multiplier is 0.223 or about 87%
greater than in the benchmark economy.
Shutting down the variance in permanent abilities greatly reduces wage inequality in our economy, however, the effect on the fraction of liquidity constrained agents is relatively modest, it falls from 13.0% to 10.3%. The impact multiplier actually rises slightly. One reason for this is that we observe a small fall in savings and the impact multiplier tends to be decreasing in K/Y . However, more importantly, when we reduce inequality with a progressive tax system, the average tax rate falls 10 and the steady state lumpsum distribution, g, falls.
The relative increase in the lumpsum payment is therefore larger when wage inequality is smaller. This leads to a greater multiplier.
Shutting down the age profile of wages has little effect on the number credit constrained.
However there is a drop in the multiplier because average savings increase and the real interest rate falls.
The Impact of Labor Income Taxation
Our functional form for the labor income tax schedule allows us to easily change the level of taxes without changing tax progressivity and to change tax progressivity while keeping the level of taxes constant. Our measure of progressivity is the below progressivity wedge, where τ (y) is the average tax rate:
This measure always takes a value between 0 and 1 and increases with the increase in the average tax rate, τ , as earnings increases from y 1 to y 2 . If there is a flat tax, then the progressivity wedge would be zero for all levels of y 1 and y 2 . Analogous progressivity measures are used by Caucutt, Imrohoroglu, and Kumar (2003) , Guvenen, Kuruscu, and Ozkan (2013) and Holter (2014) among others. With our tax function, P W (y 1 , y 2 ) is uniquely determined by the parameter θ 1 , see Appendix 8.1.
We begin by examining the effect of the average tax level on the impact multiplier, see Table 7 . As we increase the average tax rate from 7.5% to 21.1% the impact multiplier increases from 0.117 to 0.121. As the tax level goes up, the economy becomes poorer, the capital to output ratio, K/Y , falls, the real interest rate increases and the wage rate falls. Even if the lumpsum redistribution from the government increases, more people are borrowing constrained. The overall effect on the impact multiplier is, however, relatively modest for a large tax change and it seems unlikely that labor income tax levels are a key driver of the cross-country variation in fiscal multipliers. In Table 8 we keep the average tax rate at its benchmark value but vary the parameter governing tax progressivity, θ 1 . As can be seen from the table, a more progressive tax system reduces the number of credit constrained individuals in the economy. The effect on the impact multiplier is, however, close to 0. More progressive taxes also reduces the average level of wealth and the interest rate increases. This effect counteracts the effect of fewer credit constrained individuals. 
Fiscal Multipliers Across Countries
In Section 2 we documented a cross-country correlation between wealth inequality and fiscal multipliers in the data, and in the previous section we showed that differences in the distribution of wealth could produce different fiscal multipliers in our model. In this section we use the model to conduct a cross-country analysis of the relationship between the distribution of wealth and fiscal multipliers. We calibrated the model to data from 15 OECD countries (naturally selected by data availability). Tables 12 and 13 in the Appendix summarize the country-specific data. Among the calibration targets, as before, we aim to replicate the wealth distribution of each of the countries. We are able to match the wealth data almost perfectly, as the correlation between the Gini coefficients generated by our model and the ones that come from the data is 0.995, see Figure 8 .
As can be seen from Figure 5 , the variation in country-specific calibration targets, generates substantial variation in fiscal multipliers. The multipliers range from 0.05 for Finland to 0.142 for Switzerland. However, what Figure 5 also shows is that these differences in multipliers are highly correlated with the measure of wealth heterogeneity used in our replication of Ilzetzki, Mendoza, and Vegh (2013) , namely the Gini coefficient (ρ = 0.623, p−val= 0.012). Table 9 : OLS estimates for IM n = α + β 1 Gini n + ε n (S.E.s in parenthesis)
To check if the results we found in the previous section, regarding the effect of the capitaloutput ratio and the proportion of agents at the borrowing constraint on the fiscal multiplier is also reproduced for our sample of countries, we look at the cross-country correlations. The results are shown in Figure 6 . Across our calibrated economies, we can observe a strong correlation between the impact multiplier and capital-output ratio (ρ = −0.684, p−val= 0.005) and the proportion of agents at the borrowing constraint (ρ = 0.667, p−val= 0.006).
These results are in line with our previous analysis in Section 5, where we establish that the capital-output ratio and the proportion of agents at the borrowing constraint are two statistics that have a strong impact on fiscal multipliers through their impact on the marginal propensity to consume (both statistics) and on the real interest rate (K/Y ).
Conclusion
In this paper we develop a neoclassical macro model with heterogeneous agents, which we calibrate to country-specific data. We show that in the model the size of fiscal multipliers is sharply increasing in the fraction of credit constrained agents and also decreasing in the capital to output ratio, K/Y . These findings are consistent with a positive correlation between wealth inequality and fiscal multipliers, which we document both in the data and in a multi-country analysis within our model. 
Thus the tax wedge for any two incomes (y 1 , y 2 ) is given by
and therefore independent of the scaling parameter θ 0 . Thus by construction one can raise average taxes by lowering θ 0 and not change the progressivity of the tax code, since (as 11 This appendix is borrowed from Holter, Krueger, and Stepanchuk (2014) 28 long as tax progressivity is defined by the tax wedges) the progressivity of the tax code 12 is uniquely determined by the parameter θ 1 . Heathcote, Storesletten, and Violante (2012) estimate the parameter θ 1 = 0.18 for US households. Table 10 displays our estimates for a number of OECD countries. 
and thus as long as θ 1 ∈ (0, 1) we have that
and thus marginal tax rates are higher than average tax rates for all income levels.
SVAR Data Description
The data series used in the Stylized Facts section are taken from Ilzetzki, Mendoza, and Vegh (2013) . These consist of quarterly observations (not interpolated) on macroeconomic variables for a selection of 44 countries, roughly balanced between developed and developing economies (See Table 6 for the list of included countries).
The data series used in the SVAR analysis includes: real government consumption, GDP, the ratio of current account to GDP and the real effective exchange rate. Nominal series are deflated using a GDP deflator when available (and CPI when not). Consumption, GDP and exchange rate variables are transformed by natural logarithm. These series exhibit strong seasonality and are non-stationary. Thus, they need to be de-seasonalized, and analyzed as deviations from their quadratic trend. 
Wealth and Income Gini Coefficients

